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als38 and was increased by dietary weight loss.42,43 
Recently, Le Chatelier et al44 also found that obese 
subjects had an increase of the phyla Proteobacteria 
and Bacteroidetes, a decrease of Akkermansia mucin-
iphila (anti-inflammatory bacteria), and an increase 
of pathogens (e.g. Campylobacter and Shigella).44 
These alterations in intestinal bacteria can diminish 
intestinal barrier integrity and increase oxidative stress 
and mucus degradation through reducing the produc-
tion of butyrate.44 Another study demonstrated that A. 
muciniphila can reduce the insulin resistance index and 
control fat storage, adipose tissue metabolism, intestinal 
levels of acylglycerols, and glucose homeostasis.45 The 
increased abundance of Clostridium leptum, Bacte-
roides fragilis, and Bifidobacterium catenulatum and 
decreased abundance of Lactobacillus, Clostridium 
coccoides, and Bifidobacterium after dietary interven-
tions were strongly correlated with significant weight 
loss, regardless of total food intake.43,44 In accord with 
the above observation, Zhang et al46 reported that the 
levels of H2-producing bacterial groups, comprised 
mainly of members of the Prevotellaceae family and 
certain groups within Firmicutes and H2-oxidizing 
methanogenic Archaea, were significantly higher in 
the gastrointestinal tracts of obese subjects compared 
to healthy subjects. As H2-producing bacteria coex-
ist with H2-oxidizing methanogenic Archaea in the 
gastrointestinal tracts, the authors put forward the 
hypothesis that the interspecies H2 transfer between 
bacterial and archaeal species had an impact on energy 
handling.46 Methanogens absorb H2 rapidly, which 
can accelerate the fermentation of carbohydrates 
by H2-producing bacterial groups.46 Meanwhile, the 
accelerated fermentation can increase the hydrolysis 
efficiency of usually indigestible organic matter.47 

Recently, similar data were reported by Fei and 
Zhao.48 It should be noted that lipopolysaccharide 
endotoxin is the only known bacterial product, which, 
when subcutaneously infused into mice in its purified 
form, can induce obesity and insulin resistance via 
an inflammation-mediated pathway.49 Enterobacter, 
a genus of opportunistic endotoxin-producing patho-
gens,50 made up 35% of the gut bacteria in a morbidly 
obese volunteer (weight 174.8 kg, BMI 58.8 kg/m2) 
suffering from diabetes, hypertension, and other seri-
ous metabolic disorders. After 23 weeks on a diet of 
whole grains, traditional Chinese medicinal foods, 
and prebiotics (WTP diet), the Enterobacter decreased 
in relative abundance from 35% of the volunteer’s 
gut bacteria to nondetectable.48 In addition, during 
this time the volunteer lost 51.4 of 174.8 kg initial 
weight and his hyperinsulinemia, hyperglycemia, 
and hypertension resolved.48 Thus, alterations of 
intestinal bacteria play a key role in ensuring the ef-
ficacy of obesity treatments, with specific changes 
of the commensal microbes representing a potential 
therapy to promote and sustain weight loss and/or to 
prevent adiposity in humans. However, further studies 
are necessary to test the efficacy and safety of using 
interventions involving prebiotics, probiotics, and 
FMT before they are implemented in clinical routine.

Fecal microbiota transplantation 
therapy in obesity

Fecal microbiota transplantation is the administra-
tion of a solution of fecal matter from a donor into 
the intestinal tract of a recipient in order to directly 
alter the recipient’s microbial composition and confer 
a health benefit.51,52 The process usually involves 

Table 1 Changes in microbiota composition associated with obesity.
Models Disease Implicated microbiota Reference
Rat Obesity Altered gut microbiota 29,30
Rat Obesity Firmicutes ↑, Bacteroidetes ↓ 31,32
Human Obesity Firmicutes ↑, Bacteroidetes ↓ 37, 38, 39, 40, 41
Human Obesity Proteobacteria ↑, Bacteroidetes ↑, Campylobacter ↑, Shigella ↑, Lactobacillus ↑,  

Clostridium coccoides ↑, Bifidobacterium ↑, Akkermansia muciniphila ↓,  
Clostridium leptum ↓, Bacteroides fragilis ↓, Bifidobacterium catenulatum ↓

43,44

Human Obesity H2-producing Prevotellaceae ↑, H2-utilizing methanogenic Archaea ↑ 46
Human Obesity Enterobacter ↑ 48


